Background: Antibiotic resistance of pathogenic bacteria is well recognized among clinicians; however, studies that directly evaluate the bacterial resistance to commonly used disinfectants in clinical settings are lacking. Currently available reports focus on the resistance of single strains to single disinfectants and do not adequately examine the degree of resistance and cross-resistance to antimicrobials in the large-scale clinical use of disinfectants.
Introduction
The inappropriate use of disinfectants results in bacterial resistance to disinfectants 1 , and both intrinsic and acquired bacterial resistance mechanisms have been identified that contribute to this process 2 . Contaminated hospital surfaces and equipment are common pathogen reservoirs, especially for drug-resistant strains, which can increase hospital-acquired infections (HAIs). Consequently, HAIs further prolong patient hospitalization, increase morbidity and mortality, and have an undue impact on In the present study, we collected clinically pathogenic bacteria from 10 hospitals in Beijing and analyzed their susceptibility to antimicrobials and chemical disinfectants. The results from this study will be useful for healthcare professionals on the optimal use of disinfectants to help reduce drug-resistant strains.
Materials and Methods

Study Centres and Ethics Statement
This study was conducted in 10 hospitals, including
Ministry of Health-affiliated hospitals, city-affiliated hospitals, urban hospitals, and suburban hospitals in Beijing, China. The study was approved by the Ethics Committees and Institutional Review Boards of each hospital.
Subjects provided written informed consent prior to sample collection and the study was conducted in accordance with the guidelines set forth by the Declaration of Helsinki. 
Clinical Samples and Strains
Disinfectants and Antibiotics
Disinfectants
The tested disinfectants were as follows: 2% glutaral, 2% iodine tincture, 1% iodophor, 75% alcohol, 6% sodium hypochlorite, 0.2% benzalkonium bromide, and 0.1% chlorhexidine acetate. Disinfectants were obtained from six companies (listed in Table 1 ) and used as-is or diluted to the above concentrations with appropriate diluents. Disinfectants were freshly prepared based on standard laboratory concentrations.
Neutralizers
Neutralizers were selected depending on the respective disinfectants 3 . See Table 1 for details.
Antibiotics
The following antibiotics recommended by the Na- Briefly, a sterile swab was dipped in a bacterial suspension and onto Mueller-Hinton media. Antibiotic disks were then carefully placed using sterile forceps in agar plates, which were subsequently incubated at 35°C for 18 h. Drug susceptibility was classified based on the inhibition zone (in mm) as outlined in the CLSI protocols.
Detection of Resistance Using MIC and MBC
Preparation of bacterial suspension
Clinically pathogenic strains and standard strains in blood nutrient agar plates were inoculated onto the nu- The test samples, positive control, and negative control samples were incubated at 37°C for 48 h for observation.
MIC evaluation criteria
The concentration of the disinfectants corresponding to the maximum dilution strength was as follows and con- than the latter; otherwise, susceptibility was confirmed 6 9 .
Statistical Analysis
The results from the drug susceptibility testing were analyzed using Whonet 5.6 (Brigham and Women's Hospital).
Results
Distribution of Isolated Strains
Samples were collected from a total of 40 patients and 1,104 strains of pathogenic bacteria were isolated from Additionally, 34 strains of fungi that accounted for 3.0% of all isolates were identified. See Table 2 for the distribution summary of the isolated strains.
Antibiotic Resistance of Isolated Strains
A. baumannii exhibited the least sensitivity to antibiotics in the following ascending order of susceptibility: az- Table 3 .
Resistance Rates of Isolated Pathogenic Bacteria to
Common Disinfectants
Prior to the analysis of the resistance of isolated strains to commonly used disinfectants, the MIC and MBC of various disinfectants for standard strain K. pneumoniae (ATCC700603) was determined ( Table 4) . The values shown in Table 4 were therefore defined as the threshold values for the interpretation of resistance of isolated strains to disinfectants.
Compared to antibiotics, clinically isolated pathogenic 
Discussion
In this study, a preliminary understanding of the micro- which is related to continuous extensive use of disinfectants. In addition, this study has also demonstrated that prevalent antimicrobial-resistant strains that consist of antibiotic-and disinfectant-resistant plasmids also exhibit a high resistance rate to disinfectants, in particular Acinetobacter baumannii. There is likely some association between these plasmids 12 16 ; therefore, future studies that investigate cross-resistance mechanisms are necessary.
Conclusions
This study examined the spectrum for bacterial infective pathogens in Beijing, as well as the status quo of their resistance to antimicrobial agents and common clinical disinfectants. On the basis of our findings, healthcare professionals are advised to consider the supplementation of disinfectants to the standardized use of antimicrobial agents. Furthermore, to prevent bacterial resistance, several disinfectants should be alternated on a regular basis.
Long-term storage of disinfectants should be avoided and agents requiring dilutions should be freshly prepared frequently to maintain potency and effectiveness.
Finally, comprehensive personal protection measures, in particular enhanced hand hygiene, should be undertaken, which must be practiced prior to and after contact with patients, contaminants, or potentially contaminated surfaces.
